Introduction: Increased neopterin concentrations are observed in many diseases in which cell immunity is stimulated. A quick and sensitive method for monitoring the changes in immune system can be useful for understanding etiopathogenesis of the disease and choosing the appropriate treatment. There are only few known data concerning normal serum neopterin value in children, therefore the wide clinical use of this parameter is limited. Aim: to evaluate the referential neopterin concentration in serum in healthy children according to age and gender. Patients and methods: 105 healthy children, 47 girls and 58 boys, aged 1 month -17.9 years were examined. Clinical examinations and laboratory test including whole blood count, serum C-reactive protein, urea, and creatinine level, were conducted. The serum neopterin level was analyzed by ELISA (BRAHMS, Hennigsdorf/Berlin, Germany). The results were used for reference standard evaluation of serum neopterin level in healthy children. Results: The serum neopterin concentrations in children were 2.87 -14.78, mean 5.47 ± 2.58 nmol/L. No significant correlation was found between children's age and serum neopterin level. There were also no differences among serum neopterin level in different age groups: under 5, 5 to 10, and over 10 years, and between girls and boys. The estimated cut-off value 11 nmol/L of serum neopterin level for whole group of children made the 94.3% test sensitivity. Conclusion: Serum neopterin concentration is lower than 11 nmol/L in healthy children after neonatal period, and is independent of childrens' age or gender.
Introduction
The evaluation of clinical usefulness of immune system activity indicators is still the point of interest for many researchers in both theoretical and clinical fields of medicine. Neopterin is one of such indicators. Increased neopterin concentrations are observed in many diseases in which cell immunity is stimulated. In interferon-γ-stimulated macrophages guanosine triphosphate is converted to neopterin (1) .
A quick and sensitive method for monitoring the changes taking place in immune system in the course of the disease can be useful for understanding etiopathogenesis of the disease and choosing the appropriate treatment. Estimation of neopterin level is applicable in many fields of medical science. Its concentration has already been evaluated in serum, urine, cerebrospinal fluid, and in articular fluid. However, normal neopterin concentration in healthy humans serum differs according to the authors and sources. There are differences especially in estimation the neopterin concentration at different age and gender (2) .
Most of known data concerning adults suggest serum neopterin level is lower than 10 nmol/L in about 98% of healthy humans (3) , and the 95 th percentile in healthy blood calculated as 8.7 nmol/L (2). In most scientific studies, the neopterin concentrations below cut-off value of 10 nmol/L are considered normal. Nevertheless it is recommended to estimate its own neopterin referential values in each laboratory which conducts these assays. It should be pointed that there are only few data in worldwide literature concerning normal neopterin value in children. The lack of reference values limits the wide clinical use of neopterin as an inflammatory parameter in children (4, 5, 6) .
Aim
The aim of the study was to evaluate the referential neopterin concentration in serum in healthy children according to age and gender.
Patients and Methods
One hundred and five healthy children: 47 girls (44.8%) and 58 (55.2%) boys, aged from 1 month to 17.9 years (mean 7.6 ± 5.7 years, median 7.2 years) entered the study. All of the children were admitted to hospital between October 2004 and June 2005 for a surgery due to the correction of different congenital malformations.
In all children the detailed history was taken and careful clinical examinations and laboratory test were conducted. No acute or chronic disease was diagnosed as based on these studies. The body temperature was normal in all the patients. Children which had been vaccinated or had received the antibiotics therapy during the previous 4 weeks were excluded from the study (7, 8) . Children with body weight below third percentile for height did not enter the study either, as protein-caloric malnutrition may compromise cellular immunity.
The following laboratory investigations were conducted: whole blood count with white blood count and total number of neutrophiles, lymphocytes, and monocytes were analyzed by standard method; serum Creactive protein level was established by immunoturbidimetric method with latex test to confirm the absence of inflammatory diseases.
Serum urea (by urease method with GLDH) and creatinine level (by Jaffe's method) were established to confirm the normal kidneys function.
All these tests are routinely performed in each patient admitted to hospital.
In the studied group an extra 50 µL of blood was taken for serum neopterin level evaluation. The blood samplings were carefully protected from sunlight, then in less than 20 minutes after collection they were centrifuged at 3,000 rpm for 10 minutes. The obtained serum was frozen at -20oC. The serum neopterin level was analyzed by immune-enzymatic method (ELISA) using the commercial test set (by BRAHMS Corporation, Hennigsdorf/Berlin, Germany) for quantitative neopterin estimation in plasma and serum. The results were used for reference standard evaluation of serum neopterin level in healthy children.
The results of the study were analyzed statistically 
Results
Whole and white blood count, as well as serum Creactive protein, urea, and creatinine level were within the normal for age values in all children.
The serum neopterin level in children was between 2.87 to 14.78 (mean 5.47 ± 2.58, median 4.73) nmol/L. The neopterin distribution in studied group differed significantly from normal Gaussian distribution (P <0.001) as it is shown in Fig. 1 .
No significant correlation was found between children's age and serum neopterin level in the studied group (R S = -0.16, P = 0.10).
To confirm these findings the children were divided into three age groups: under 5 years, between 5 and 10, and over 10 years of age. Serum neopterin levels in these groups are shown in Table 1 . There were no significant differences among serum neopterin level in different age groups (P = 0.13).
Serum neopterin level according to children's gender is shown in Table 2 . No significant difference in serum neopterin level was found between girls and boys (P = 0.35).
Similarly, no differences were observed according to children's gender in each age group: under 5 years (P = 0.80), between 5 and 10 (P = 0.41), and over 10 years (P = 0.25), as it is shown in Fig. 2 . Reference standard of serum neopterin level in healthy children was evaluated by mean + 2 * standard deviation (mean + 2 SD) methods. Based on this rule the upper limit value of reference standard of serum neopterin level (cut-off value) was established for all children and for each age group. (Table 1) The cut-off value 11 nmol/L of serum neopterin level for whole analyzed group of children made the test sensitivity as high as 94.3%. Only 6 (5.7%) children out of 105 had serum neopterin level above the estimated upper limit value. 
Discussion
Neopterin is one of the cell-mediated immune activity indicators which can be measured in different body fluids. Normal serum neopterin values differ according to the authors. The main differences concern the correlation of serum neopterin level with patients' age and gender. Data collected from many research centers by BRAHMS Corporation, one of the main neopterin tests producers, showed that serum neopterin level was lower than 10 nmol/L in 97% of healthy adults. Therefore serum neopterin level below the cut-off value of 10 nmol/L is usually accepted as the normal level. Nevertheless it must be stressed that all neopterin tests producers recommend estimating own referential values in each laboratory conducting these assays. This may eliminate any potential ethnical, regional, or other unknown influences on the normal serum neopterin values.
There are only few data in worldwide literature concerning reference standard of serum neopterin concentration in children. For example, we have not found any such data from Polish research centers so far.
In the present study neopterin concentrations were measured in 105 healthy children of both genders, aged from 1 month to 18 years. Newborns were not included into the study. Recent studies showed significantly higher serum neopterin level in fetus and newborns than in mothers or in older children. Radunovic observed the gradual increase of neopterin level with the gestational age, being the highest in the third trimester of gestation. At labor serum neopterin level was as much as three times higher in newborns than in mothers. In the further studies mean neopterin level in newborn umbilical cord blood was 17.4 ± 4.0 nmol/L. Based on these results the estimated neopterin upper limit value was 25 nmol/L. Mean serum neopterin level in 27 healthy newborns was even much higher: 32.6 ± 16.4 nmol/L with cut-off value 65 nmol/L, independently of gender (9) . Similar results were achieved by Parrak et al. in 41 healthy newborns: mean serum neopterin value was 22.6 ± 12.5 nmol/L (10). Clinical importance of such a high serum neopterin level in newborns and the causes of its rapid decrease after birth remain uncertain and need further investigations.
In our large group of 105 children, aged from 1 month to 18 years, serum neopterin value was between 2.87 to 14.78 nmol/L. Statistical analysis with "mean + 2*SD" allowed to establish the reference standard of this parameter in serum. The cut-off value for neopterin level in serum was 11 nmol/L, independently of children's age and gender. It should be stressed that when mean + 2*SD is used for cut-off definition, it means that 95% of data are within this range. However, as this value has been used as the upper limit of the normal (=11 nmol/L) in our study, it obviously means that 97.5 % of healthy children have neopterin levels below this cut-off. These results may be important for establishing the general reference standard of serum neopterin level in children. This may give rise to wider use of this parameter in pediatrician clinical practice. Most of known data concerned serum neopterin level in healthy adults. Hoenlinger et al. analyzed a huge group of 76,587 Austrian healthy blood donors, aged 17 to 64 years. Mean serum neopterin concentration was 5.4 ± 2.3 nmol/L with the cut-off value 10 nmol/L. This result is similar to ours, obtained in healthy children. Serum neopterin level was above the estimated normal value in only 1.62% of blood donors. No correlation was found with patients' age and gender (3) . The further researches of the same author carried out in 93,789 healthy humans confirmed that over 98% of patients had serum neopterin level below 10 nmol/L (11). The level of 10 nmol/L as the upper limit value was similarly used by Schennach for 54,402 healthy blood donors. In 7.8% of cases the serum neopterin level was above this limit (12) . Comparable results were achieved by Hammerlinck who estimated the serum neopterin normal level to be 10.5 nmol/L in 99% of 1837 healthy adults (7) . Lower cut-off value of 8.7 nmol/L (= 95th percentile) was the result of Schennach studies in 1156 healthy blood donors. Values higher than this limit were observed in 8.1% of cases while only in 2.2% of cases the level was higher than 11 nmol/L (13). Similar cut-off value, 8.7 nmol/L, was achieved by Werner et al. (4) . The same authors in separated subgroup of old age humans (over 76 years) stated twice as high cut-off value -19 nmol/L (4). Many authors had compatible observations of higher neopterin values in old humans (14, 15, 16, 17, 18) .
Data concerning serum neopterin concentrations in children are less frequent and the groups of patients are (6) . In our study serum neopterin concentration did not correlate with children's age or gender. None of the authors found correlation of neopterin level with children's gender (4, 6) . Similarly, our results are in accordance with other papers regarding the lack of neopterin level correlation with children's age. Sack et al. when analyzing serum neopterin level in 275 children, aged 3 to 17 years, did not observe differences connected with children's age (19) . Neither did Satoh in the group of teenagers (6) .
There are some data suggesting lower serum neopterin concentration in Negro than in Caucasian race (6, 20) . In our study we analyzed only Caucasian children. Some authors stress the increase of serum neopterin level with high body mass index. This seems, however, to be true only in adults (13, 21, 22) . We analyzed only the children with normal weight for height values. Other data suggest slight differences of serum neopterin level among the main blood groups (23), after physical activities (24) , or in patients with high blood pressure (13, 21) . These problems may need further investigations in children.
Our results of normal serum neopterin values in healthy children in different age groups may be helpful for wider use of this parameter in every day clinical practice. Quick and easy to obtain inflammatory parameters are essential for proper diagnosis and treatment in a great number of common diseases in children. We have just started further studies on serum neopterin concentrations in children with various infectious and autoimmune diseases.
Conclusion
Serum neopterin concentration is lower than 11 nmol/L in 97.5 % of healthy children after neonatal period, and is independent of children's age or gender.
